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OPEN- NP
Exo1:
choque thread

0} — impdme son identifant, afficher “Hello World™ par un seul +hreod,

2) vaser le nbde+h@ods: OMP_ NUNH- THRERDS , fonction omp - set- num —+areads(), dause. num_+hreadsC)

+ ordre. de preseance

Ly ##indude Lestdio)
# include < iosi'rea.m>
# indude “omp.h™

imt main®) ¢
omp_ set_ num- threads(s) \’c'crusc'
Heragma. omp parallel num _+hreads () T
prntf (“hread %d/ Yo\a", omp_ get- thread_num(), omp-get _nom - +hreads() ) ;
#progmo. omp sections {

#prngmo. omp <ection i
prntf (“Hello depuis +hread Yod\ 0", omp- get- +hnead-aom () );

31y
retoen 0; §

ordre de préseance:

) num_ theeads (o) (90( le #pragma omp paro.llel)
2) omp. set _num _+headsCn)

3) ONP_ VUM THREAD S

Exo2:
) inthaliser ACn] 1q AC<I= < poor 0L« <N

b) cxlewler lo. somme des els de ALA]

c) paralleliseravee # pragma. omp for

d) # avec #£ pogma. omp sechions: Y sections, Ny iterations

€) Comparer letempr dleketuriion Sequenticlle et le temps dlexetution poraliele dupragramme

# include £ chronoy
7 indude < iostream?
#findude < vector)
# indude “omp.h™

iot main () §
int N= (000 Q00 ;
std:: vectror{double) ACN);
double Somme = 0.0 ;
avto start = std:: chrono:: high (resolution - docK: now() ;

#pmgmo. omp parallel num_+hreads (4)
i # progma. omp be
for (irtiz0, &N A++) }
AC <] =(Coublke) 4;



# pragma. omp for mduction (+:Somme)
'6!‘(.41:0,‘ idN; iesd) T
somme += AL 7]

# pragma omp sections ¢
# pagma. omp section |
double sommelocle =0,
Rc([int £=0, N/t i++) § sommelocale «=RLT; §
Z egma. omp  atomic
somme += Somme Locole;

3
#pagma. omp section |
double sommelocdle =O;
R ot k= MU AL (2608 ,,4) § sommelocale «=ALT;
#(xagmo. omp afomic
somme += Somme Locale;
L
#pragma. omp section |
double sommeloale =0,
'&(C iot A 3 (2¥N)/ b ;< (3*"\’) / L’\ j&++){ sommeloaale +=R[;]; 3
#(mgmo. omp cromic
somme += Somme Locale;
3
#pagma. omp section |
double sommelocale = O;
RA[ict 42 (B N) /L ik N ;,44) § sommelocale += AT, 5
Z egMma. omp  ctomic
somme += Somme Locale ;

3
3
3

std::cout << “La. Somme est ® << Somme << std:iend;

std::cheono 1 cucation < double) temps = Std: chrono = high - resolution- clocK : now() - stact;
std:: cmont K "Tcmpsdc alw| : * £< temps.count() << “s\n";

retuen O,

Exo3:
mee sort
. creer une rsgion PAralléle auec Y sections quine chacune N/U etts dasearhf de ALNT cwee std::sart

« + 2Sections chawne fusionnant devx dableauxtnies dedaille N/ en L0  seul 4ableay tié de +aille N2 sor tempLv]

Cmesge: a@de forni)
« foSionner (es2+ dbleany deaille N2 en ACNT e’ en delors de lo. relgian parailéle.




# inclode < cstdio? void menge (int ¥ ree

# include < iostream cost int «+abA,
F#inclode { <std 1ibY const int sizefd,
4 indude { algodthm” wnst (nt r+abB,
# indude { vector) ast nt 51223

# indude £ chrono)
#indude “omp.h®

int mainC) T
std :: shand (123)
int N= 1000 OQ0;,
std :: vector<int > ACn);
std :: vedor <int) 4empCiv);

For6n+i.-_o,- LW aes )l
Al:] = sid:: randO;
3
auto start = std:: chrong.. high - resolution- docK:: now()j
# pragma omp porallel aum. Heads (W)
# pragma omp sections t
# pragma omp section {
std :: sort (A. begin(), A.begin()+ N/Y);
#imqma. omp section {
std :: sort (ﬂ.bcgl‘n()
3
# pagma omp section 1
s-fd::sor'l'Cﬂ.bcgl‘nO
3
# pragma omp section §
std :; sort Cﬁ.begl'n()

5
5

# Progmo. omp sechions §
# pagma omp section T
merge ( tempCol, & ACOI, N, $ALMU], Nia-Niy);
3
# pragma omp section
merge ( Gtempia] G ADM], 3enp-Na2, §A03¢NAT, N- 3¢ NA);

L]
3

%
merge( 8 AC0 T, grtemplo], M2, ghempCN/2] | N-N/2),
std :: chrono :: docartion < dooble ™ +emps = std: chono:: high- cesolution - clacK : naw() -start;
std:: Cou+<< * temps de eyl £< temp 8- ®ud (I<< “ s\n?;
assertExo (A);
rekuen O



Bol:

e -
_“_zf AN N PR (T
0

1+ x2 £=0 2

. code Sequentiel #m:\udc { hrono)
» porallelisation aue #pragma. omp for Ffindude <ioStream
o caque thread « Ne poor @lcoler piloaxd ~ les addionner dans pi (\nﬁable pcrta.gde) #indude. “omp.h”

inline dogtle f(doublex) ¢ return (U /(1 *:\c\) ;3
it main () 7

const it N = 100 OO0 000

double pi = 0.0;

doovble 5= “Of(double)N

[[ o Coiculer le pi en sequentiel
auto start = stds Cheono:: high. resolution -docK tinow ()5
foc (inti=0y £<N; <+ §
pi= pi+S#( (i) +f((.;+s)¢§)/2 ;3
std ucat<< “pi = » << pi << std:end|;
std.: drono:: docedion < double> tempsSeq= gtd : Cheondi: high.. resolution - dack ::n0w () - start
Std :: cout << Temps Sequentiel: << +empsSeq - @uE()<< “s\n”

Pl = 0.0; start= ¢td. chrono:: high_ resolation - ClocK:: now() ;
[/ Cosaer lepi auec ompFor e redoction
£ progma omp parallel §

#eragma. for reduction (+: pi) !

for(int £ =0 A<N; £+4) ]
piz pi+s ,r( £(4 #5) +f‘((¢+s)f§)/2 ; b

3
ii-d ncatdL “pi = <K pi << std:endl;
Std.:: rono:: docetion < double> +OHPRr = 3td :: Chaondi: high_ resolution - dack 10w () - stast
Std i cout << Temps OMP for : " <K+ OHPRC - UNH()<< “S\n”

/| Giwler lepi awet la_boocle Riite & la maio
# progma. omp paraliel 2
int thId= omp_get_+heaad- aum();
int numTh= omp- get_num_theeadsC);
it elem@urth = N/ noaTh;
int thDebut = +hld x elemParTh;
int ‘ﬂ'\ﬁ'\‘\,‘

if (4hid == o =1)  § 4hFn=wN;)
else $+hFin = +Debut + elemParTh; §
dooble pilocnl =0.0;
foc(int £ = +oDebut; (L0 ; i) [ piloal = piLocal + 8 #(?(;;s\#((m); 9) /2,3
F#eagma.omp  atomic
P +=piload; J
std:@ol ... ;
retorn O; §



P2 wer

Evod:

Agfiche “Hello World™ , e rang etle nombre +ote)l de proEssos
F#inclode < csidio)
Ffindode mpi . h”

int main (intarge, cdar##arg) §

5

Bo2:

HPT _ Tntt(§ asge, Gomgu);

it rank, size i

MPI _ Comm_ rank ( HPT _COMM _WORLD , hronkK);

HPI _ Comm_Size (HPL —COMM_WORWD, §size);

protf (“Helloworld du processus Y%d/fed \n') rank , sized;
HPI. Finalize();

retuea O,

o PrOCESSUS NG pair: eavoler un message-anntenant le rung du PrOESSUS coufasTt aw PIOCESSUS iMpalr

comespandant. Recewoirle message du precessus. impair ed-afficher.

o PrOEUS rang impalr : recevoic le message  du processus paiC GSSOGE, PUIS enUoerun message contenant la- valer

recue + (0 x le processos Gt

Finclodedestdioy
#indode. < io Stream?
Ffindode. “mpi - hY
using namespace Std;

ot main Cint ange, char ##orgy) {

MPT_ Init-( §arge, $argu)s

int rankK | ize;

HPI _ Comen _rank (MPT _CoMM WORLD  §ronk) ;
NPT - Commm_size ( MPT _CoMM _ WORLD, &sice);

it msg ;

if( Cro0k %2 == 0) b8 (rank+\ <siz) §
msg= rank;
pintf ( * Processys Yod message. envoye aws processus %od: Yod \n”, ronk,r@nk+l, meg);
MO - Send ( Bmsg, |, HPI- 1T, rankel, O, HPL_ M- @aLY);
MPT _ Rev ( &msg, 1, MPT_INT, renk, O) MO - COMM_ wORLD, HPI _STATUS. TENOREY);
Pdnﬂ-‘( “Processys Yo d messoge regy do Processus %d: Y%od\n" rank, renk+|, msg) ;

j else it Crank % 2==1) §
HPT _Recv (msg, |, MPT - INT, rank -, 0, HPT_ QMM _WORLD, MPT_STATOS - T6GNORE) ;
Mg += 10 # rank;
MPL . Send( &msq, 1, HPT -TNT, muak-1 , O, MPT_OMM_ WORLD);

jelse }

3

MPL FnalizeC);
retucn 0_;3



Exo3-

(@il de pi, M formule)
P processustq thaque processus efectuelecalol . conrnant N/p vales axsecutives de &
puis fysionne Son rdsukkad auec. Ceux. des autres. Ay final ,4o0us les premssus dowent auoic lo. valeorde T,

# indode. {io Streamy
Ff indode. “mpi - hY
inline dogble F(doubleX) ¢ retom (U /(1 *:\c\) ;3

it main ( int-arge, char # agy) {
Her- 1o (Borge, borgu);

i
const i V= 100 000 OQO;
double pt = 0.0y

double s = 1.0 fdouble)NJ ;

ik rank, Size ;
HPL _ @om _cank (NPT _COMM. WORLD, &rank);
HPT_ Comm_3ize (MPL _COMM - WARLD, Ysize);

it begin=( Nisize) ¥ rank;
it end = CranK == size-1) ? (N/size) ¥(rank+l);
dooble pilocal =0.0;
for(iotc=begin; Lend;an)?
pilocal += s’r((-'(c ¢5)+F((a:+l)vs)) 12;
k|
if (rooK= =0) ¢
pi = pilocol ;
forCinte=;cdsize j0) D
NPT _ Recu (§ pilomd, 4, MPL_COUBE 1,0, HPT _GOMH - WORLD, HPL_STATYS _ IGNORE);
pi += pilocal; J
Por(intc =\; Lsize ‘-'H-)E
HPr_ Send (8,4, HPL-00UBLE, &, 0, MPT _ COHH- worLA);
3
Y else?
MPT_ Send ( &pilecal , 4, HPI. COUBLE, 0,0, HOT_@MHWORLD);
Her. Recv ( gpi, 1, HPL - DOURLE |, HPT _GOMHH_WORLD, HET_ STATUS-IEORE),
pAaLL ( "RankK:%d, pi-.%eF\n", @hK, pi) ;
3
if Cronk ==0) T pakF(“RV+ 9606\ pe); |
HPI.EI\GJI'ZI-C).;
retom O,



Ewol:

o fusionne Hobleaux 2par 2 ds les 1 P/?_ poocessus, Py, — O x_ contiendra. le +ablaan fnaltie’Ade 4aille WP
(nb de pocessus Hs puissance de 2.)

®de delofusion uniquement
it coont = NJ;
forCint c=Size, e\, r=¢/2) |
i (caok<r) §
it partner= rANK + "/2;,
std :: vectar< double> tempRecy(aonnt) ;
Std.:vecdor <dwue_> 1wt es Herge(cmmw coonﬂ,-
HOT _Recy ((YempsRew(o], coundt ,HPT ~ DOUBLE portner, O, HPT . COMY_wORWD, HPT - STATCS ~IGNORE) ;
count ¥=2;
SHd 1 swap( Ay temp Herge)
lelse Cronk>= 2 Y ak<ry
it partne = cank - o/
HPI _Send (§RCO], count, HPI_DOUARE) partner, O, HPT . COMH -WIORLDY) ;
break

55



TP3 Aux
Exod:

. Allover A er B FloatLN7] pois inthaliserAGT =
. fct copie le cotenve de R dans B (version non vectonse’ + uetronse’)

Lloat #4060 = (Roat ) malloc(aim ¢ sizeof (Roaﬂ),-
floots tabls (Floot +) malloc ( din 4 sizeof (float));

forCiot ¢ =0y il dim; L+t §
1'0b0[.£]= £,
+ab “fi:l:o,'ﬁ

foc Cint £ =0; c{dim, i +)§ +ab41Ci J= +eboleT; 3

int L
€or (e =0; < dim -3, =9 i
— m256 0= —mm2% - oad_ps(tabord),
—mm 256 — storey - ps (fabd+4, 0);
Y

for ( ; £4 dim;ces) PabAC]= +0bOCe];

it o,

for Cc=0,4{dim-3 ; i+=32)}
— ™% €O = _ mm2S6 - lwad_ps(tabo+s);
—m15%¢ 1 = —mm2% - oad-ps (tabore +€);
— M2 2 = _mm256 - oad_ps (tabOse +6);
— 256 3 = —mm256 -~ ad_ps(tabOre +24 ),

—mm 256 — storew - ps (el +4, c0);

- tm 256 — storeu - ps(tabdei+R el ) )
- mm 256 — sforeu - ps (habdei 16, €2 ) 5
—om 256 — storeu - ps (Fabt+d w24 ,03);

3

for (; A< dim;eas) PtabACcT= +abOCe];

free C'('n.b 0) y
£ree. (fab \);
return O; )



Ex02:

N
but: calawler xTy = 43&'3,‘
L=

« allover x, y +abs de floot de +aille N ( divisi ble par 8) + initialisotion Cuoir temps diexec
o produit ecalaire: — fct non uacten'see / performances )
- €&+ vectonses

- vectodcee qui Utilise fused— muthiply-add (F HH)

- déroulement de (o boudle pos on factenrde 2 ety

(c.e.efedve 2004 iteations de \a. vesion precedente dans vae sevle itecation )
- (+ Etree _yedtanse)

version sequentielle :

inline. Aot produitSaalaite( float @, Float 8, int taille) §
float res = 0.0f
for(size -t =0 ; i< faille; &4+) f

s ¢= AC«J ¥« BL(T;

3
efurn res;

3

\Jersion AUX:

inline floct prodoitSaxlaireAUX (float A, Float ¥B, int +aille) T
float zero[2] = 10, 0, O, 0,0,0,03;
—m256 es = _ mm2%6_ loadu- ps(zer);
for(size-k ¢=Q; (<{+aille; 4+=8)]
—— m256 1o = —_ m256_ load - ps (A+c);
—-m25% fbz -- mMm2¥_ load _ PS (8+4);
—m286  fabz - _m256_ mul_ ps (le, eb);
res = -mm256 _ add - ps ( res, 0.B);

3

float re3sTabL®];

- = m2%6_Storey- Gs(tcs'l'ab, rts),'

retorn @sTab [0+ vesTabl(] + rsTabl[2]+ resTabl3) + &)

€sTab (YT + ... + esTabL3;

3
version AW+ FMA:

totine float produitSalaice AWFMA( float #A, float #8, int talle)?
floct zero[¥] = {0, 0,0, 0,0, 0, 03;
—m256 's = - mm256_ loadu- ps(zero);
for(size- kb (=Q; i<+aille; 4+=8)]
— m256 la = - m%B6_ load - ps (A+<);
—-m25% oz —- m2%_ lood - ps (8+4);
res = _mm 256 _ Fenadd - ps ( €a.,Cb, res);
LX)




version AUX4 FMA + de:roo\emen‘r(unCollfr\g)
inline Roat produrt Scalaire AUX FNADERCULEMENT (float * —_ restrict — A, Floact _ _ restnct - -8, it +ai lle){
float zero[2] = §0,0,0,0,0,0,0,0}
—-m256 fest = _ mmB6_ loadu_ ps(zew);
—-m2S6 res2 = _ mmZ6_ loadu._ ps(zem);
—-m256 res3 = _ mmB6_ loadu. ps(zem);
—-m256 s Y = _ mmB6_ loadu_ ps(zem);

foc( size. b« =0; <{+aille; iv=32) §
-=m2% fq) = _mm5 _loado-ps(A +L)|'
-—=m25% P2 = _mszG_loado_ps(ﬁ +,;_+?)/
-——m2% P33 = _mmz6 _loady-ps(A +L +16Y/
-—m2% L Y = _mmz5 _loado-ps(A +L 247
R

—=m2% Pb) = _mmz%5 loado. psS(B +A‘.)i
(de @ b2 g3, |64
s ] =-mm256 _ fnadd- ps (Gl ,€b1,res);
s 2 =-mm256 _ fnadd - ps (Caa ,002,ces);
rcsg =-mm236 _ fonodd - es (&\3 ,ebf, es);
s  =-mm256 _ fnadd - ps (ol ,ebY, res);

3

resl= ~ mmzsé.add-ps (resl, sy

es3= — mm2S6.add-ps (fes3, resu)

reslz — mmzs-add-ps (rest, res3)

() 'fl



